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Executive Summary

Wichita Falls is under an ‘exceptional drought’ condition and is implementing ‘Stage 5
Drought Catastrophe’ restrictions. The city's main source of water comes from Lake
Arrowhead, at 19.4 percent capacity and Lake Kickapoo, at 28.1 percent capacity. This
drought condition prompted city officials to consider implementing an operational cloud
seeding program targeting the watersheds.

Seeding Operations and Atmospheric Research (SOAR) was contracted to provide
cloud seeding services. The objective of the Wichita Falls cloud seeding program is to
increase rainfall in the Lake Kemp, Lake Kickapoo and Lake Arrowhead watersheds
when rain-bearing clouds are known to have poor rainfall efficiency. The Wichita Falls
project currently uses glaciogenic and hygroscopic seeding to improve the efficiency of
the cold and warm rain process respectively.

Wichita Falls experiences a humid subtropical climate. In an average year, about 79
percent of the annual rainfall occurs during the warm season (March through October).
The cloud seeding program operated continously for two operational periods. During the
first period operations were conducted from 1 March to 30 June 2014. During the
second period operations were conducted from 27 August to 3 October 2014. The first
cloud seeding mission over the Wichita Falls target area was on 5" March and the last
was on 18 September. The project performed a total of 38 missions and 61.9 total flight
hours.

An independent analysis of the seeding operation was done by analysis of radar data
for seeded clouds and non-seeded (control) clouds. The analysis concludes that
seeding operations from March to September 2014 appeared to increase precipitation
from the cloud bases as detected by radar. The total increase in rainfall was calculated
to reach a total of 391,250 acre-feet of water over the Wichita Falls target area. Based
on total values of rainfall increases of seeded clouds versus their matching non-seeded
clouds over the Arrowhead and Kickapoo watersheds, the benefit/cost ratio for the cloud
seeding operation is calculated at 1.58/1. This means that for every dollar spent by
participating counties of the Wichita Falls program, the benefit is $1.58.



Preface

Operational cloud seeding for precipitation enhancement is conducted worldwide.
Those conducting these operational efforts have weighed the evidence and concluded
that the potential benefits from precipitation augmentation in their programs outweigh
the risks and costs involved. Many of the current operational cloud seeding programs
are being conducted in Texas where seven cloud seeding projects were in operation in
2013 (Figure 1). The history of and the rationale for the Texas operational cloud seeding
programs have been addressed by Bomar et al. (1999). Most of the individuals involved
in these efforts agree that the evaluation of seeding effectiveness in all the programs
should have high priority.

These Texas programs are merely one of many manifestations that the quantity and
quality of fresh water for human use is going to be a major issue during the 21°
Century, especially in arid and semi-arid regions of the globe. Water in such areas is
inherently scarce, and this shortage of water will be exacerbated by the continued
migration of populations into these regions. The superposition of predicted changes in
climate and the deleterious effects of pollution on cloud forming processes and rainfall
onto these dry regions could result in disastrous water shortages that preclude human
existence. Within the past ten years most areas of the United States have faced
frightening droughts only to have periods of wet weather remove the threat. The
Southwestern U.S. is suffering still from major water shortages. These problems are
occurring with increasing frequency and it is only a matter of time before catastrophic
water shortages exact a terrible toll on human existence.

The potential responses to such a prospect are many and varied. One response would
be to do nothing, allowing natural processes to run their course, teaching people to live
within their water means or forcing them to vacate a region. Such a program of benign
neglect costs virtually nothing to implement. The opposite course of action would be to
develop programs of water conservation and enhancement to address the water needs
of a region. No one opposes conservation, and most entities concerned about water
have implemented water-conservation programs. In Texas, opinions vary on cloud
seeding, depending on one’s point of view. There are always people willing to invest in
operational seeding, secure in their expectation that the benefits will exceed the costs
involved.

This report provides a summary of the cloud seeding operations conducted in the
Wichita Falls target area, describes the methodology used and presents an evaluation
of the possible impacts of seeding operartions.
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Figure 1: Map of the seven operational seeding targets in Texas during the 2013 season.
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1. Introduction

1.1 Background

Wichita Falls is under an ‘exceptional drought’ condition and is conserving water in
every way possible by implementing ‘Stage 5 Drought Catastrophe’ restrictions. These
restrictions impose conservation practices on the use of city water. The city's main
source of water comes from Lake Arrowhead, at 19.4 percent capacity and Lake
Kickapoo, at 28.1 percent capacity (as of 2015/01/02). This drought condition prompted
city officials to consider implementing an operational cloud seeding program targeting
the Lake Kemp watershed, Lake Kickapoo watershed and Lake Arrowhead watershed.
Seeding Operations and Atmospheric Research (SOAR) was contracted to provide
cloud seeding services.

1.2 Drought assessment

The Wichita Falls area has begun its fifth consecutive year of drought. Figure 2 shows
the current drought assessment for the state of Texas. Areas in north Texas, northwest
Texas and the Texas panhandle are under exceptional drought (as of 2014/12/30).
Figure 3 shows the fraction of drought coverage over the state of Texas. Extreme and
exceptional drought hit the state in 2006 when at least 50 % of the state was under
extreme drought. In 2011, more than 95 % of the state was in extreme drought with
Wichita Falls receiving less than half of its annual rainfall. In the most recent drought
analysis, less than 20 % of the state is in extreme drought, however the Wichita Falls
area remains in exceptional drought indicating the area exhibits a slow drought recovery
rate. Figure 4 shows the monthly precipitation plots compared to the historical average.
Wichita Falls received 45 % of its annual rainfall in 2011, 68 % in 2012, 74 % in 2013
and 82 % in 2014. The rainfall has increased each year since the 2011 but the
exceptional drought condition has persisted.

During the past four years, Wichita Falls has officially received 77.88 inches of rain
since the drought began. Had normal rainfall occurred over the four-year period, the city
would have received 115.68 inches (28.92 inches annual mean X 4 years), giving the
city a 37.8-inch deficit. That's equivalent to the loss of one and a third year’s worth of
rain over the past four years. This rainfall deficit over the past four years has resulted in
the city’s two primary reservoirs dropping to 24 % of capacity, the city implementing
stage 5 drought catastrophe water use restrictions, and the introduction of highly-filtered
wastewater into the city’s drinking water supply.






